The therapeutic benefit of melatonin in the prevention and treatment of delirium is uncertain.
upon the method of detection, between 14 and 56% experience delirium at some time during hospitalization (3) .
Management of agitation and combative behavior is often a challenging aspect of delirium treatment. Although the management of these behaviors can be achieved by nonpharmacological measures, specific medications are sometimes necessary. Pharmacological interventions to manage delirium include psychotropic medications such as antipsychotics and benzodiazepines. Such medications are used commonly, despite the results of a recent systematic review not supporting their use in the treatment of delirium in older hospitalized adults (4) . Benzodiazepines are also sometimes used, especially in cases of benzodiazepine and alcohol withdrawal or when antipsychotics are contraindicated (5, 6) . Both of these drugs classes are associated with an increased risk of substantial harm (such as oversedation and falls) and may prolong delirium duration (7) (8) (9) . This has led to the search for other pharmacological agents with a reduced side-effect profile that may improve delirium symptoms and reduce the use of potentially harmful agents.
Melatonin is an important neurotransmitter that regulates the sleep-wake cycle, facilitating sleep initiation and sleep maintenance as well as controlling the timing of sleepiness and wakefulness (10) . Disruption of the sleep-wake cycle (11) and dysregulation of the circadian rhythm that controls the sleep-wake cycle may play a prominent role in the development of delirium (2, 12) . Although the pathophysiology of delirium remains unclear with multiple inflammatory and cholinergic pathways likely involved, it appears that tryptophan and particularly melatonin may be important (13) (14) (15) (16) (17) (18) (19) (20) (21) . The results from observational studies, suggest people with delirium have lower plasma (22) and salivary melatonin (23) than those without delirium. Furthermore, in one small study (n = 31) of people with delirium (mean age 84 years), those with hypoactive delirium (n = 10) had greater urinary concentration of melatonin metabolites than those with hyperactive delirium, suggesting the circulating concentration of melatonin may play a role in the delirium motor subtype (24) .
Melatonin acts via melatonin receptors present in the suprachiasmatic nuclei (SCN) (25) and promotes sleep by attenuating the wake-promoting signal from the SCN (26, 27) . Melatonin binds to three main receptors (MT1, MT2, and MT3) that appear to have important distinct but overlapping functions (17) . Similarly, the choice of agent used to target melatonin receptors may be important. Ramelteon is a synthetic analog of melatonin (28, 29) and in addition to having a longer half-life than melatonin, has a sixfold higher affinity for MT1 and a threefold higher affinity MT2 receptors (30) .
There is increasing interest in the role of exogenous melatonin and ramelteon in the prevention and management of people patients with delirium (28, 29, 31) . A number of literature reviews have examined the role of melatonin agonists in the prevention of delirium (32, 33) and management of people with delirium (34) but have not been able to draw firm conclusions. We proposed to perform an updated search using a scoping review framework to allow us to look at the literature more broadly and attempt to describe the state of what is currently known in an attempt to guide clinical trial development.
metHODS
We used the widely accepted scoping review framework of Arksey and O'Malley to conduct and report this scoping review (35, 36) . As recommended by this framework, we combined a broad research question with a defined scope of inquiry. Our broad research question was "what is known from the existing literature about the use of melatonin and ramelteon in the prevention of and management of people with delirium?" within the scope of hospital inpatients over 50 years of age. Based on our previous knowledge, we felt that prevention of delirium and management of delirium were quite distinct outcomes that were possibly the result of different pathophysiological pathways and therefore made an a priori decision to group studies into two distinct outcome groups: studies with delirium prevention as the primary outcome and studies with a reduction in delirium severity as the primary outcome. We purposefully kept the definition of delirium severity broad and included (but not limited to) behavior measurement and delirium resolution as potential outcome measures. In keeping with a scoping review (36), the review process was iterative to ensure a wide breadth of potentially relevant studies were identified. The purpose of this scoping review was to identify gaps in the literature to guide the design of a clinical trial examining the role of melatonin in the prevention and management of people with delirium.
identification of Relevant Studies
Two separate panels performed an English language search of MEDLINE, OVID, EMBASE, PubMed, Google Scholar, and Cochrane Library (1996+) in November 2017; the search terms were as follows: "delirium and melatonin"; "delirium and melatonin agonist"; "delirium and ramelteon. "
A hand search of the references of extracted articles was conducted to identify studies not captured in the electronic database searches. The reference lists of any relevant literature reviews, including Cochrane Reviews, were also hand searched to identify studies not captured other searches. As the inclusion criteria were purposefully broad, all potentially relevant studies were discussed with the senior author (Chris Moran) prior to inclusion. Reviewers met frequently to clarify study selection criteria and if necessary, refine search criteria. Once completed, the two panels shared lists of identified studies to ensure adequate capture of all suitable studies.
Study Selection
All articles were screened by two panels and included for full text review if the abstract met the following inclusion criteria: original randomized controlled trials (RCTs), observational studies, case series or case reports study protocols, commentaries, reviews, guidelines, recommendations, database reviews, populationbased reviews, systematic reviews, and meta-analysis, were written in English, and included participants aged 50 years and over.
Data extraction and analysis
The selected articles were classified into two categories: (1) melatonin/ramelteon and delirium prevention and (2) melatonin/ ramelteon and delirium treatment. Data extracted from each article included the following: manuscript details (primary author and publication year); study characteristics (aim, design, duration, clinical setting, country of study, and number of patients in each group); patient characteristics [mean age, population sample type (e.g., perioperative or general medical)]; intervention (description and duration of melatonin or ramelteon use); and outcome measures (and how these were defined). The data were charted as presented in the results tables.
ReSULtS

Searching and Screening
The screening and selection process of the articles included in this review is displayed in Figure 1 . The search strategy initially yielded 6,780 articles. A total of 148 articles were deemed appropriate for full text review. Following this, a further 128 studies were excluded due to a lack of relevancy and a total of 20 articles were included in this literature review.
Study characteristics
A total of 20 studies were identified and included in the scoping review. There were 9 studies examining the role of melatonin or ramelteon in the prevention of delirium and 11 studies examining the role in delirium management. The final review included 5 RCTs, 1 prospective observational study, 4 retrospective observational studies, and 10 other articles containing case reports or case series. Publication date of the included articles ranged from 2002 to 2017. The studies were conducted in countries including Japan, The Netherlands, Canada, Poland, China, USA, and Egypt, with Japan accounting for the majority of the studies. The studies ranged in size from a case study of one patient to large studies with 500 participants. All studies were performed in an inpatient setting. The mean age of study participants was approximately 75 years and the proportions of males and females were similar.
Melatonin, Ramelteon, and Delirium Prevention
There were a total of nine articles (five RCTs, two retrospective medical record reviews, one non-randomized observational study, and one case report) describing the role of either melatonin or ramelteon in preventing delirium (37) (38) (39) (40) (41) (42) (43) (44) (45) summarized in Table 1 . Six of these examined the effect of melatonin (37-40, 42, 44) and three, ramelteon (41, 43, 45) .
Melatonin and Delirium Prevention
Four RCTs have examined the efficacy of melatonin in preventing delirium with contradictory results (38, 39, 40, 44) .
The earliest study was a double-blind RCT of 203 people ≥65 years of age scheduled for hip arthroplasty under spinal anesthesia investigating the efficacy of three different preoperative sedative medications including melatonin to prevent the incidence of postoperative delirium (38) . Patients were allocated into four different treatment groups: Group 1 (control) received no sedation; Group 2 received 5 mg melatonin; Group 3 received 7.5 mg midazolam; and Group 4 received 100 µg clonidine. Medications were administered orally at sleep time on the night of surgery as well as 90 min before surgery. The Abbreviated Mental Test (AMT) was performed on the day of operation and for three consecutive postoperative days. Delirium was defined as a new AMT score <8. Of the 203 patients who completed the study (mean age ~72 years, 51% female), the rate of postoperative delirium was lower in the melatonin group (9%, n = 5/53) than the other groups [control group: 33%, n = 16/49; midazolam group: 44%, n = 22/50; clonidine group: 37%, n = 19/51 (p = 0.003)] (38) .
In a second double-blind RCT, 122 acute medical unit inpatients (mean age ~85 years, 57% female) were randomized to receive either 0.5 mg melatonin or placebo every night for 14 days or until discharge (39) . In this study, delirium was defined according to the Confusion Assessment Method criteria (46) . Those given melatonin had a lower incidence of delirium (12 vs. 31%, p = 0.01). When adjusted for the presence of other co-morbidities such as dementia the beneficial effect of melatonin remained (odds ratio = 0.19, 95% CI: 0.06-0.62). Rates of delirium severity, length of stay, need for sedation or restraints, and mortality were similar between the two groups (39) .
In a larger double-blind RCT of preoperative patients with hip fracture, 378 patients (mean age ~84 years, 70% female) were given either 3 mg of melatonin or placebo for five consecutive days starting within 24 h after admission (40) . Delirium was diagnosed using the DSM, fourth edition (DSM-IV) criteria (1). The incidence of delirium, duration and severity of delirium, and number of sedative/psychotropic medications was similar between the two groups. After 3 months of follow-up, cognitive function, functional status, and mortality rates were also similar between the two groups (40) .
A recent double-blind trial randomized 139 patients (mean age ~75 years, 62% female) awaiting elective hip arthroplasty to 1 mg of melatonin or placebo an hour before bedtime on the day before surgery and for another 5 days postoperatively (44) . The primary outcome was not a formal diagnosis of delirium but "early postoperative cognitive decline" measured as change in Folstein Mini-Mental State Examination (MMSE) scores. When compared to the melatonin arm, patients given placebo had lower MMSE scores at days 1, 3, and 5 (p < 0.05), worse subjective sleep quality, general well-being, and fatigue (44) . In a Polish study (mean age ~65 years, 30% female), a group of 250 people receiving standard care were compared to subsequent group of 250 people given 5 mg of melatonin the evening before elective or urgent cardiac surgery of various types and for 3 nights postoperatively (42) . In this observational, non-randomized study, the incidence of postoperative delirium [measured using the Confusion Assessment Method for the Intensive Care Unit (CAM-ICU)] was lower in the melatonin group (8.4%) than the control group (20.8%) (p = 0.001) (42) .
We also identified a single case report describing the absence of the development of delirium in a 78-year-old man with a history of postoperative delirium who underwent an open debridement of an infected knee joint. After receiving three nights of treatment with 2 mg of melatonin, the authors reported he remained alert and oriented after surgery (37).
Ramelteon and Delirium Prevention
There were three studies examining the effect of ramelteon on delirium prevention (41, 43, 45) . One study (41) reported a multicenter single-blind RCT that randomized 67 patients (mean age 78 years, ~60% female) with "serious medical problems" admitted to the intensive care unit or regular acute wards to receive either 8 mg of ramelteon or placebo every night for 7 days. In this study, those who received ramelteon had a lower incidence of delirium [defined according to DSM-IV criteria (1)] than those who received placebo (3.0 vs. 32.0%, p = 0.003) (41) .
Two studies described the results of retrospective analyses of medical records. The largest of these studies (n = 82, mean age ~77 years, 22% female) examined the occurrence of delirium using the validated Intensive Care Delirium Screening Checklist in a sample of people admitted to ICU or inpatient wards following pulmonary resection of lung cancer (45) . The authors reported a trend for a lower incidence of delirium and a lesser intensity of delirium symptoms in the group that received ramelteon (n = 24) than those in the control group (n = 58) but these differences were not statistically significant (45) . Another retrospective analysis of medical records performed in postoperative patients compared the incidence of delirium defined according to DSM-V criteria in three separate arms: 8 mg ramelteon, tranquilizers, and a combination of 8 mg ramelteon and 20 mg suvorexant (43) . When compared to those taking tranquilizers (n = 24), those taking ramelteon (n = 25) or both ramelteon and suvorexant (n = 16) had lower incidences of delirium (33, 4 , and 0%, respectively) (43).
Melatonin, Ramelteon, and Treatment of Established Delirium
There were a total of 11 studies studying the role of either melatonin or ramelteon in the management of established delirium (37, (47) (48) (49) (50) (51) (52) (53) (54) (55) (56) . established delirium. To date, there have been no RCT studying the role of melatonin in treating established delirium. One case report described the effect of melatonin on treatment of delirium (37) . There were two retrospective medical record reviews examining the association between ramelteon use and delirium management (53, 56). There were 8 published articles, describing a total of 29 cases reporting the effect of ramelteon on the treatment of delirium (47-52, 54, 55) .
Melatonin and Delirium Treatment
In one case report of a 53-year-old postoperative male with severe delirium requiring antipsychotics, benzodiazepines, and physical restraints, the authors reported that the administration of 2 mg of slow release melatonin resulted in better sleep the night he was administered melatonin and that he was oriented the next day (37).
Ramelteon and Delirium Treatment
Of the 10 published articles reporting the use of ramelteon on established delirium (47-56), there were two retrospective observational studies (53, 56), four case series (47, 48, 50, 52) and four reports describing a single case (49, 51, 54, 55) . Two studies were single-center retrospective cohort studies based on medical record review. In the largest study (n = 125), patients followed by psychiatry services (mean age ~85 years, 52% female) with hyperactive delirium (based on DSM-V criteria) underwent chart review (56). Those patients given ramelteon had lower use of as-needed antipsychotics (60 vs. 80%, p = 0.001) than those who did not receive ramelteon (56). A smaller study (n = 32), also based on a retrospective medical chart review of patients followed up by a consultation-liaison psychiatry service compared those with delirium (according to DSM-IV-TR criteria) taking antipsychotics to a group with delirium taking both antipsychotics and ramelteon (53) . The authors reported that the addition of ramelteon was associated with less duration of delirium (6.6 vs. 9.9 days, p = 0.048) and a smaller total amount of antipsychotics dosage (444.5 vs. 833.4 mg, p = 0.044) (53) .
In a case series reporting the use of ramelteon in three female patients (aged 59, 66, and 83 years) with delirium presenting with different acute medical conditions (aspiration pneumonia, cervical spinal cord injury, and pyelonephritis), the authors reported that the administration of 8 mg/day ramelteon was associated with improvement in delirium severity as measured using the Memorial Delirium Assessment Scale score (MDAS) (47, 57) .
One case series described five cases of delirium in people (2 females, 3 males) aged between 71 and 91 years old being successfully treated within 1 day of the administration of 8 mg of ramelteon (48) . The authors described large improvements in the Delirium Rating Scale after a single dose of ramelteon and reported the delirium to have resolved (48) .
In another case series, the authors described a retrospective review of seven older people (mean age 76 years, 3 females, 4 males) given 8 mg of ramelteon with delirium and insomnia after acute stroke (50) . The study reported that all those who received ramelteon showed improvement in either the Richmond Agitation and Sedation Scale or sleep quality within 1 week of administration (50) . A further case series described 10 patients (mean age 90 years, 3 females, 7 males) with delirium (8 people with acute medical conditions, 2 post surgery) who were administered 8 mg of ramelteon (52) . The authors reported improvement of delirium based on Delirium Rating Scale-revised-98 (DRS-R-98) at day 3 of treatment in seven out of the 10 patients, with the remaining three not responding to treatment (52) .
One single case report described a 100-year-old man with delirium who did not tolerate low dose risperidone and was oversedated (51) . On the ninth day of his admission, he was commenced on 8 mg ramelteon daily and the authors reported that the patient's delirium severity score (DRS-R-98) was improved at day 13 of his admission (51) .
Another single case report described a 68-year-old lady with postoperative delirium after neurosurgery who did not respond to thiapride. She was commenced on an 8 mg ramelteon and thiapride was changed to 7.5 g Yi-gan san daily. The authors reported delirium improvement based on MDAS score at 7 days (49).
One case report described a 75-year-old man with Alzheimer's disease, admitted to hospital with pneumonia complicated by an episode of delirium which did not respond to antipsychotic medicine with fluctuating severe psychomotor agitation and oversedation (55) . The authors reported that the administration of 4 mg ramelteon at day 10 resulted in improvement of his sleep-wake cycle on the same day. The ramelteon dose was increased to 8 mg at day 18 and his delirium severity score (measured using the DRS-R-98) improved and his delirium resolved at day 21 (55) .
A further single case report described a 63-year-old man with pharyngeal cancer who developed a hypoactive delirium as per the DSM-V criteria (54) . The delirium did not respond to nonpharmacological interventions and after 9 days, 4 mg ramelteon was commenced with good clinical effect. The authors also reported improvement in the patient's sleep-wake cycle 2 days later (54).
DiScUSSiON Prevention of Delirium
There is a lack of high quality data supporting the role of melatonin and ramelteon in the prevention of delirium. To date, there have been only four published RCT (38, 39, 40, 44) examining the role of melatonin and one examining the role of ramelteon (41) in the prevention of delirium. Although four of the five trials studying the effect of melatonin analogs in preventing delirium reported a beneficial effect (38, 39, 41, 44) , the heterogeneity of the study designs make broad recommendations impossible at this stage. There were variations in the study sample setting, e.g., acute medical (39), acute hip fracture (40) , post elective hip arthroplasty (38, 44) as well as the tools used to diagnosis delirium, with some using diagnostic tools not validated for this purpose, e.g., AMT (38) and MMSE (44) .
The other studies included a non-randomized study (42) , two retrospective analyses of medical records (43, 45) , and a single case report (37) . All of these studies have a high risk of bias inherent in their study design. The lack of randomization prevents adequate control of potential confounders and introduces a potential selection bias into the choice of which patients receive melatonin. Retrospective chart reviews are limited by the quality and accuracy of documentation. This is particularly of concern given that delirium is frequently under-recognized and reported (58) . Similarly a report describing a single case of a person who did not develop delirium following melatonin administration is limited in its ability to attribute causality.
In all the studies, there were wide variations in the dose (0.5-5 mg) and duration of melatonin use (5-14 days). Given the suggestion that melatonin plays a role in the motor subtype of delirium (24) , it may be relevant to include the motor subtype in the reporting of results. However, in general, delirium motor subtype was poorly reported in all the published studies with only one of the nine published studies describing this potentially important detail (42) .
Of the nine published studies, eight reported results supportive of a beneficial effect of melatonin analogs in preventing the incidence of delirium (37, 38, 39, 41, 42, 43, 44, 45) . These results encourage further research into this area but highlight the need for well-designed trials to improve confidence in these early results. Important questions regarding the choice of agent (melatonin or ramelteon), drug dose, and duration and the sample of people who may benefit from remain unanswered. Future RCTs will need to include well-validated tools to identify delirium and ensure they are adequately powered to identify between-group differences. A number of published study protocols (59, 60) , including feasibility studies (61, 62) , suggest that such improvements in the available evidence of the efficacy of melatonin analogs to prevent delirium are forthcoming.
management of Delirium
The evidence supporting the role of melatonin or ramelteon in the management of people with established delirium is of poor quality with a lack of any well-designed, RCT. Two studies were based on a single-center retrospective review of medical records (53, 56) and the remainder were case reports (37, 49, 51, 54, 55) and case series (47, 48, 50, 52) . All of these study designs are limited by a lack of clinician blinding to the intervention and the use of different measures of delirium improvement. This prevents the drawing of any firm recommendations for clinical practice. The measurement of delirium improvement ranged from clinician impression of an improvement in sleep (37), through validated delirium severity scoring tools, to examining the doses of antipsychotics used to manage behavior (56). Most studies reported patients to have a hyperactive motor subtype of delirium while some did not report subtype at all (37) . As previously discussed, motor subtype may be important, as the effectiveness of melatonin analogs may be dependent upon motor subtype. Case reports and cases series study designs are unable to attribute any improvements directly to the administration of melatonin or ramelteon due to the lack of a control arm with any improvements seen possibly to due to the resolution of delirium due to other delirium management measures.
All of the published studies reported a positive effect of melatonin or ramelteon in the management of people with established delirium. Although the study design and the potential for reporting bias and publication bias may play a role, the results are generally encouraging of the development of further research into this area. This scoping study highlights the need for well-designed RCT to explore this further. Similar to the issues with the role of melatonin agonists in preventing delirium, questions regarding agent choice, dose, duration, and outcome measures still remain. Published trial protocols suggest that this is an ongoing area of research (63) and efforts to develop agreed outcome measures for trials of interventions to prevent or treat delirium are being developed (64) .
This scoping review has some limitations. We have collated the evidence on the topic of melatonin and ramelteon in the prevention and management of delirium but have not performed in-depth critical appraisal of all of the included articles in keeping with the scoping review framework. We excluded article preceding 1996 and therefore may have under-reported the extent of the available published literature.
cONcLUSiON
We have identified and collated the available evidence describing the use of melatonin and ramelteon to prevent or manage people with delirium. We conclude that there is a paucity of well-designed trials to address either outcome but the available evidence encourages further research. Large welldesigned RCT are required to better understand the potential of melatonin or ramelteon to manage a common and serious syndrome.
Key POiNtS
• Delirium is a common clinical syndrome with significant mortality and morbidity.
• Melatonin is an important hormone in the regulation of sleep-wake cycle and may play a role in preventing or treating delirium.
• The role of melatonin in the prevention or management of delirium is unclear, and is limited by the small number of and large variability in the design of published studies.
• Large, well-designed clinical trials exploring the potential beneficial effects of exogenous melatonin on delirium are urgently needed.
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